J 



Europaisches Patentamt 
European Patent Office 
Offic europ^en des brev ts 



(22) Publication number: 



0 600 293 A1 



® 



EUROPEAN PATENT APPLICATION 



® Application number: 93118451.9 
@ Date of filing: 16.11,93 



® Int. CI.5: B23K 35/368 



@ Priority: 16.11.92 US 977086 


10640 Hickory Hill Ct 


@ Date of publication of application: 


Kirtland, Ohio 44094(US) 


Inventor: Kullkowski, Karl J. 


08.06.94 Bulletin 94/23 


1195 Haselton Road 




Cleveland Hts, Ohio 441 21 (US) 


® Designated Contracting States: 


Inventor: Munz, Robert P. 


AT BE CH DE DK ES FR GB GR IE IT LI LU MC 


1817 Stumpville Road 


NL PT SE 


Jefferson, Ohio 44047(US) 


(5) Applicant: THE LINCOLN ELECTRIC COMPANY 




22801 St Clair Avenue 


® Representative: Schumacher, Horst, Dr. 


Cleveland, Ohio 4411 7-1 199(US) 


DipL-Phys. et al 


@ Inventor: Crockett, Dennis D. 


Patentanwalte 


DipL-Phys. Dr. Peter Palgen 


7618 Mary Lane 


Dlpl.-Phys. Dr. H. Schumacher 


Mentor, Ohio 44060(US) 


Friihlingstrasse 43A (Ecke Holunderweg) 


Inventor: Gordish, Ronald J. 


D-45133 Essen (DE) 



D 



11 



@ Flux cored gas shielded electrode. 

@ A cored electrode (10) for gas shielded arc welding to deposit a weld metal bead, where the electrode has a 
core of fill nnaterial (30) surrounded by a ferrous tube (12) with the fill material having alloying agents and oxide 
fluxing ingredients including, by weight of fill material, 40-60% titanium dioxide, 0.3-0.5% boron oxide, and 1.0- 
5.0% aluminum powder, with said aluminum powder having a higher affinity for oxygen than the oxide fluxing 
ingredients and with the amount of aluminum powder selected to produce .02-.08% titanium, less than .002% 
boron and less than 0.10% aluminum in said weld metal. 




FIG. I 
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This application is a continuation-in-part of prior co-p nding application Serial No. 902,020, filed June 
22. 1992, identified as attorney Docket No. L-8793 owned by the assignee of this application. 

The invention relates to the art of arc welding using consumable steel electrodes and more particularly 
to an improved flux cored gas shielded electrode. 

5 

INCORPORATION BY REFERENCE 

As background information, prior application Serial No. 902,020, filed June 22, 1992, bearing attorney 
Docket No. L-8793 is Incorporated by reference herein as background information. The prior co-pending 

10 application of assignee is directed toward a flux cored electrode of the type used with shielding gas that 
employs a small amount of aluminum powder in the core of the electrode to reduce fume created during 
the arc welding process. The powdered aluminum reacts with other constituents in the core material and 
sheath of the electrode in the area or reaction zone defined as the arc surrounded by the shielding gas. The 
reaction zone is between the electrode and molten metal weld bead. During development of a novel flux 

76 cored electrode having reduced fume characteristics, a more general invention in gas shielded flux cored 
electrode technology was made. This novel advance in the art of flux cored electrodes is the subject of the 
present invention. The prior application contains background information and certain aspects of the present 
invention which need not be repeated. 

Oku 3,558,851 is incorporated by reference herein as background information. Ferro-aluminum, in minor 

20 amounts, is added to the fill material as a strong deoxidizing ingredient. The small amount of ferro- 
aluminum or aluminum powder is used to kill the steel of the weld bead and does not react in the arc zone 
above the molten metal of the weld bead. The amounts of ferro-aluminum in this patent are substantially 
less than found necessary for practicing the present invention. This patent does not teach the advantage of 
using aluminum for the purposes of reducing titanium dioxide and/or boron oxide for alloying purposes, nor 

25 is the aluminum in the electrode of the Oku patent of sufficient amount to perform the nitrogen removing 
function of the present invention. 

Kobayashi 4,510.374 relates to the use of a low carbon sheath for an electrode to be used in a shielded 
arc welding process. Again, aluminum is mentioned as a deoxidizer which is common practice; however, 
the aluminum employed in this prior patent is in the form of ferro-aluminum or aluminum powder for 

30 alloying purposes. In addition, there is no teaching of the amount of aluminum necessary for performing the 
function of the present invention wherein the aluminum powder reacts above the molten metal in the weld 
metal to perform a reduction function in a location removed from the molten metal. In this prior patent, the 
ferro-aluminum or aluminum powder enters the weld metal and is then used as a deoxidizer. This action 
creates aluminum oxide which must float to the surface of the weld bead for inclusion in the slag over the 

35 weld bead. The present invention employs aluminum powder for a chemical reaction above the weld bead 
at a time prior to the aluminum entering the weld bead itself. Thus, a chemical reduction effect takes place 
by the action of the aluminum in the reaction zone outside the weld bead. Moreover, the aluminum in the 
present invention is available for nitrogen scavenging of the weld metal. 

Munz 4,723,061 is directed to a flux cored electrode using aluminum oxide for the purpose of 

40 controlling the physical properties of the molten slag over the weld bead. The aluminum oxide is for slag 
forming purposes only. A high amount of aluminum oxide was used as the slag viscosity controlling 
constituent contained in the fill material. Aluminum powder could be provided for oxidation and used to 
control the slag. This patent does not teach the amount of aluminum used to create aluminum oxide since 
provision of aluminum oxide was the only objective explained in this prior patent. There is no example of 

45 the use of aluminum powder in any proportion to obtain any particular function in the gas shielded electrode 
other than formation of aluminum oxide. 

Bushey 5,095,191 discloses a gas shielded arc welding electrode using cesium. A certain amount of 
aluminum is suggested as one of many alloying elements; however, there is no teaching of the manner by 
which aluminum can be employed for any particular use, except for alloying purposes. 

50 

BACKGROUND OF INVENTION 

For many years, aluminum alloying systems have been successfully used in sett shielded flux cored 
welding electrodes to produce weld deposits with exceptional impact and strength properties. Exceptional 
55 mechanical properties can be developed when using self shielding flux cored welding electrodes when the 
deposited weld metal has an aluminum content of approximately 0.5%. It is believed that the aluminum 
forms a nitride which precipitates in the metal of the weld bead and enhances the mechanical properties of 
the weld metal. The aluminum is employed for alloying with the weld metal to remove oxygen and free 
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nitrogen from the solidified weld bead. In the well developed specialized technology used to create self 
shielded flux cored welding electrodes, the use of aluminum to alloy with the weld bead metal has resulted 
in a weld bead alloy about 0.5 to 1% aluminum. With this alloy composition, the aluminum nitride is formed 
and free nitrogen is not generally available. As the amount of alloyed aluminum was decreased in the weld 

6 metal, it was found that the porosity of the weld metal increased to decrease the strength and impact 
characteristics of the weld joint. Consequently, it was believed that when aluminum was used as an alloying 
agent for the weld metal in self shielded welding, it was necessary to create more than 0.5% aluminum in 
the weld metal. This use of an aluminum for the controlling properties of the weld bead allowed the 
aluminum to Interact within the weld bead as an alloying constituent. Since the electrode was self shielding, 

10 the gases created by the arc expelled air and prevented oxygen and nitrogen from ingressing into the 
molten metal due to the rapid egress of gas created by the arc. Thus, there was no reaction zone in the arc 
in which the aluminum was primarily reacted with other constituents. The aluminum entered the weld bead 
and alloyed with the metals of the weld bead. 

When using gas shielded flux cored arc welding electrodes as contemplated by the present invention, 

75 deoxidation of the weld metal or control of nitrogen in the weld metal is not primarily dependent on 
aluminum. These particular electrodes are primarily carbon-manganese-silicon type systems which rely on 
the gas shielding to prevent nitrogen contamination of the weld pool metal by excluding the surrounding 
atmosphere. Manganese and silicon are used as alloying agents for deoxidizing or killing the metal in the 
weld metal bead. The use of aluminum of any type in gas shielded electrodes, which is not a concept 

20 employed in practice, has merely been suggested as one of many possible means of alloying the weld 
metal. There has been no suggestion of using aluminum for reaction in the reaction zone of the arc above 
the weld metal pool in an electric arc welding process of the type using shielding gas. Consequently, 
electrodes used in arc welding with shielding gas intentionally avoided aluminum in the weld metal deposit 
believing that this lack of aluminum in the deposit would assist in providing better mechanical properties. In 

25 the past the use of aluminum alloying agent for a gas shielded electrode was not used in practice, and the 
weld metal generally had no aluminum in the weld metal. This was believed to assure better strength and 
impact characteristics. There was no effort to use aluminum as an alloying agent In the weld bead when 
using shielded gas type of flux cored electrodes. 

30 THE INVENTION 

It has been recently discovered that small amounts of aluminum in powder form in the core of an 
electrode of the type having no internal shielding gas was instrumental in reducing the fume level and 
improving the arc action at high wire feed speeds. The use of up to about 1 .0-2.0% aluminum powder in the 

35 core was found to modify the traditional carbon-manganese-silicon systems to reduce fume. It has now 
been found that, contrary to conventional wisdom in the shielded flux cored electrode technology, aluminum 
powder in the core of the electrode can result in tensile strength and Charpy impact characteristics 
approaching those levels obtainable by solid wire welding. This is an ultimate objective of the flux cored 
electrode technology. Heretofore, flux cored electrodes had advantages of convenience, but sacrificed 

40 mechanical properties. The objective of approaching properties of solid wire welding is approached by the 
use of controlled amounts of aluminum powder in the core of a gas shielded flux cored arc welding 
electrode in accordance with the present invention. Consequently, the present invention relates to the use of 
aluminum in a conventional carbon manganese-silicon system for a gas shielded flux cored electrode, in 
which it is highly reactive in the arc above the weld metal to perform the desired functions, before any 

45 residual amount enters the weld metal. It has been found that the aluminum In the arc reduces titanium 
dioxide and boron oxide to allow slight amounts of titanium and boron metals to enter the molten pool of 
weld metal as alloying elements. It also seems to decrease the total nitrogen in the weld deposit when 
compared to the C-Mn-Si-Ti system. Sufficient amounts of aluminum, defined as a percentage in this 
application, creates a certain amount of residual aluminum in the weld metal. This aluminum constituent of 

50 the weld metal in the amounts caused by use of the present invention is highly beneficial. This residual 
aluminum is used to reduce the free nitrogen in weld metal. This is an advantage since notch toughness 
and CTOD properties of the weld deposit metal deteriorate rapidly as the free nitrogen in the weld metal 
increases. 

By use of the present invention, the aluminum reduces the titanium dioxide and/or the boron oxide for 
55 the purposes of creating a certain amount of elemental titanium and/or boron in the weld metal. The 
advantages of titanium and boron are well known in the technology of gas shielded flux cored electrodes. 
The invention is also useful in TiBor type electrodes. In addition, the invention allows the combination of 
boron oxide and a controlled amount of aluminum powder to control the actual boron in the weld metal. This 
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concept is superior to the use of boron as an alloy In the steel sheath of the electrode and is easier to 
control than the use of elemental boron in the core of the electrode. 

In the present invention, one of the most Important features is the reduction of total nitrogen in the weld 
metal by the use of aluminum when compared to the conventional C-Mn-Si-Ti system for a given nitrogen 
5 content in the cored wire. This is accomplished either by reducing the nitrogen intake in the weld metal by 
reduction of nitrogen oxide formation in the arc or by helping nitrogen evolution from the weld metal by 
preventing iron oxide formation on the weld metal surface. 

Moreover, in the present invention, the residual aluminum in the weld metal is less than 0.1% by weight 
of the weld metal. This controlled amount of aluminum in the weld metal is sufficient to reduce the amount 

10 of free nitrogen in the weld bead. The reduction of total and free nitrogen in the weld metal enhances its 
mechanical properties. As an explanation of this concept, details of the states of nitrogen in the weld metal 
can be helpful. Total nitrogen in the weld bead represents nitrogen in the following forms: Free, interstitial 
nitrogen that is dispersed or collected around grain boundaries, nitrogen in the form of simple or complex 
nitrides, and occluded nitrogen in the molecular gaseous state contributing to the porosity of the weld metal. 

IS In gas shielded systems, total nitrogen in the weld metal tends to be quite low due to shielding of the arc 
and the weld metal from the atmosphere. By the use of the present invention, aluminum in the core of 
electrode in the amount of 1 to 5 wt%, reduces total nitrogen in the weld deposit even further. This 
precludes the existence of occluded nitrogen in the weld metal. Therefore, total nitrogen in the weld metal 
in this system is the sum of free nitrogen and nitrogen in the form of nitrides, the relative amounts of which 

20 are determined by the amount of available nitride formers. Since titanium and boron are strong nitride 
fonmers, some of the nitrogen would be fixed as titanium nitride and boron nitride. The remaining nitrogen is 
present as free nitrogen which is available to combine with aluminum. By the use of the present invention, a 
slight amount of aluminum which is less than 0.1% of the weld metal and preferably less than .03% of the 
weld metal is in the deposited metal. This aluminum reacts with the free nitrogen and forms aluminum 

25 nitride. Since the amounts of aluminum and nitrogen in the weld metal are low, these aluminum nitride 
particles develop late, presumably in the solid weld metal. In any event, aluminum decreases free nitrogen 
in the weld metal. Moreover, the amount of these nitride inclusions in the weld metal are low. Both these 
factors improve the impact properties of the weld metal. 

In accordance with the present invention, the residual aluminum in the weld metal is less than 0.10% by 

30 weight of the weld metal. This controlled amount of aluminum in the weld metal is sufficient to reduce the 
amount of free nitrogen in the weld bead for the purposes of enhancing the physical properties of the weld 
bead. As an explanation of this concept, details of nitrogen formation can be helpful. Nitrogen can be 
present in the weld bead as free, interstitial nitrogen that is dispersed or collected around grain boundaries. 
Also nitrogen can be present as nitrides in either simple or complex precipitated phases. In addition, 

35 occluded nitrogen can be present in the molecular gaseous state which contributes to the porosity of the 
weld metal. By the use of the present invention, a slight amount of aluminum which is less than 0.10% of 
the weld metal and preferably less than about .03% of the weld metal is in the deposited metal. This 
amount of aluminum has been found to produce superior mechanical properties in the weld deposit 
apparently through the further reduction of free nitrogen by the formation of stable aluminum nitrides. 

40 Since this nitride develops late in the solidification process, the nitrides that form when using the 
present invention are different than the earlier formed nitrides of a standard carbon-manganese-silicon 
system. Such nitrides in conventional systems for flux cored electrodes of the type to which the present 
invention is directed are formed early in the solidification process. This will produce coherent precipitate 
particles which cause a strain in the lattice of the solidified weld metal which creates forces that tend to 

45 fracture the crystalline structure of the weld metal. Consequently, the amount of energy required to break a 
weld joint of a Charpy V notch impact specimen is substantially increased by use of the present invention 
because the amount of internal strain energy produced by the incoherent nitrogen precipitates is substan- 
tially less than the coherent precipitate particles of the nitride compound realized in conventional carbon- 
manganese-silicon electrode system. 

50 In accordance with the preferred embodiment of the present invention, titanium dioxide and boron oxide 
is contained in the core of the electrode. Aluminum powder within the electrode core chemically reacts in 
the zone created by the arc to reduce the boron oxide and a portion of the titanium dioxide. This allows a 
controlled amount of titanium and boron to be introduced into the weld metal. The advantages of these two 
alloying agents for the weld metal is well documented. The present invention has the ability to accurately 

55 control the titanium or boron in the weld metal bead by proper selection of the amount of aluminum powder 
within the core of the electrode. This is a feature of the present invention that is not employed in other gas 
shielded flux cored arc welding electrodes. 
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The present invention employs a controlled amount of aluminum powder which is added to the fill of 
somewhat standard flux cored electrodes. By using the present invention, it has been found that removal of 
foundry grade ferro-type titanium from an electrode does not decrease the impact properties of the resulting 
weld metal. These mechanical properties are retained by the use of aluminum powder in the core material. 

5 It is believed that the superior mechanical properties are obtained by the present invention because the 
added aluminum, in a controlled amount, creates the proper levels of titanium and boron in the weld deposit 
for optimum mechanical properties through a direct reduction of titanium dioxide and boron oxide by the 
added aluminum. Consequently, metallic titanium, such as ferro-titanium, and metallic boron are not 
required in the fill material. The aluminum reacts in the zone of the electric arc above the weld metal to 

10 yield a controlled amount of titanium and boron for depositing into the weld bead to obtain the desired 
mechanical characteristics. Residual aluminum content of the weld deposit remains low by using the 
present invention as long as the fill material in the core has sufficient oxides with a negative free energy 
more positive than the negative free energy of aluminum oxide. Consequently, the present invention 
employs a controlled amount of aluminum powder in the core. This powder reacts in the zone above the 

75 molten metal pool to reduce titanium oxide or boron oxide or both for alloying of the two elements in the 
weld bead. The aluminum powder is selected so that the amount of residual aluminum in the weld bead is 
less than 0.1 % by weight of the weld bead metal. This amount of aluminum is sufficient to react with the 
nitrogen in the weld bead metal to form aluminum nitride. The amount of titanium and boron recovered in 
the weld bead deposit for a given fill composition of the electrode is proportional to the amount of metallic 

20 aluminum powder in the core of the electrode. Increased amounts of aluminum will result in greater 
recovery of titanium and boron from the titanium dioxide and boron oxide compounds present in the fill 
material of the electrode. Consequently, the amount of aluminum powder is selected to produce a desired 
amount of titanium, boron, and residual aluminum in the weld metal. It has been found that the percentage 
of aluminum powder required in the fill material is approximately 1.0-5.0% by weight of the fill material. 

25 A substantial percentage of aluminum powder is consumed in the reaction zone of the arc, with only a 
slight amount of aluminum actually entering the weld metal in accordance with the present invention. By 
using the present invention, the nitrogen content of the weld bead is lower than that realized in conventional 
electrode systems using carbon-manganese-silicon and titanium. It would appear initially that the addition of 
aluminum would result in a higher level of deposited nitrogen due to the aluminum nitrides which would be 

30 created. However, as mentioned before, aluminum lowers the oxidation potential in the arc. This presumably 
minimizes the nitrogen oxide formation which reduces nitrogen pickup in the weld. Aluminum also reduces 
formation of iron oxides on the weld metal surface which helps nitrogen evolution from the weld metal. 
Residual aluminum combines with free nitrogen remaining in the weld metal to form aluminum nitride. 
Consequently, the use of the present invention substantially enhances the mechanical properties of the weld 

35 bead metal by reducing the total and free nitrogen and having a controlled low amount of aluminum. A 
substantially high percentage of aluminum is used in the fill material so that the aluminum is available to 
react above the weld metal pool to reduce titanium or boron or both for alloying purposes with a slight 
residual aluminum that appears in small quantities in the weld bead metal. 

The use of powdered aluminum in the core of a gas shielded flux cored electrode has been found, in 

40 low levels, to reduce the fume emission of the electrode. By increasing the amount of aluminum powder to 
a controlled amount, dependent upon the desired reduction of titanium oxide or boron oxide or both, 
optimum mechanical properties can be achieved. The amount of titanium and boron within the weld metal is 
also controlled. Titanium in the weld metal should be in the range of .020-.080% by weight of the weld 
metal. Preferably the titanium in the weld metal is in the range of .025-.055% by weight of weld metal. The 

45 amount of boron should be at least .002% by weight of metal and preferably in the range of .0025-.0065% 
by weight of the metal in the deposit. The selection of aluminum to obtain these desired characteristics of 
the weld metal bead is an aspect of the present invention. 

The use of the aluminum system of the present invention will provide mechanical properties substan- 
tially greater than that obtained by conventional alloying systems employing carbon manganese and silicon 

50 only. This result is confirmed when comparing the weld bead formed by electrode A as compared to the 
prior art weld bead identified as example II. The use of the aluminum system of the present invention which 
results in substantially enhanced mechanical characteristics also has other advantages. As mentioned 
before, the weld deposit nitrogen using an aluminum system of the present invention is lower than that 
obtained using conventional systems for a given nitrogen content in the cored wire. This is evidenced when 

55 comparing the results obtained by electrode A having sufficient aluminum in the core to deposit aluminum 
in the weld metal, and prior art example II which did not use aluminum. This data is consistent with the 
various other electrodes A-E formulated in accordance with the present invention. An advantage of the 
present invention is the decrease of total nitrogen in the weld metal together with the availability of titanium 

5 
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and boron for alloying in the weld metal from the aluminum reducing titanium dioxide and boron in the 
reaction zone above the weld metal. It is presumed that the total nitrogen in the weld metal is reduced by 
the aluminum in the arc zone combining with the available oxygen in this zone. Consequently, the oxygen 
can not absorb nitrogen to form the nitrogen oxide which is a compound that will create nitrogen in the weld 
5 metal. In addition, the oxygen in the reaction zone above the weld metal creates FeO. This oxide forms a 
layer on the surface of the weld pool. This layer prohibits the evolution of nitrogen from the solidifying weld 
metal. Consequently, the barrier of iron oxide results in a higher nitrogen content in the weld metal. The use 
of aluminum of the present invention tends to prevent the formation of iron oxide as a layer or barrier on the 
surface of the weld pool. 

10 Since the present invention produces a lower nitrogen weld deposit than the conventional system for 
gas shielded flux cored electrodes, the present invention will result in a welding process which is less 
sensitive to the loss of shielding gas. In the past, electrodes for use with shielding gas have presented 
serious problems when the shielding gas has been discontinued. Increased nitrogen is absorbed by the 
weld metal from the atmosphere. This causes a corresponding decrease of the notch toughness of the weld 

75 metal deposit. This deleterious phenomenon is reduced with the use of aluminum powder in the core of the 
electrode to absorb the nitrogen and oxygen in the arc above the molten metal, thus preventing nitrogen 
from entering the molten metal even with an inadvertent discontinuation of the shielding gas envelope 
around the electrode. 

The present invention results in a flux cored electrode to be used with shielding gas that obtains the 

20 required deposit chemistry as far as titanium and/or boron are concerned, and provides a more consistent 
weld deposit. In conventional systems, the use of titanium and boron alloying elements in small controlled 
amounts within the electrode core is accomplished only with extreme care, to prevent segregation and 
variations in the chemistry of the weld deposit along its length. By using the present invention, the titanium 
and boron is made available to the weld metal more easily in controlled small amounts which prevent these 

25 deleterious effects on the weld metal. 

The use of the present invention permits production of the steel sheath for the electrode from 
continuous cast steels. In the past, such inexpensive steels could not be employed for gas shielded flux 
cored electrodes because the steel included a certain amount of aluminum and nitrogen. The present 
invention permits the use of continuous cast steels which are naturally higher in nitrogen content, since the 

30 aluminum that is incorporated in the electrode will reduce the total nitrogen intake in the weld metal and fix 
the residual free nitrogen into innocuous aluminum nitride particles. 

A major concern when using gas shielded flux cored electrodes is the resulting high strength levels 
achieved when the manganese and silicon levels of the deposited metal have been optimized for impact 
properties. Manganese and silicon in the weld metal result in relatively high strength when used in amounts 

35 to create the desired impact properties. This is especially a concern when the electrodes are designed for 
use with carbon dioxide shielding gas, but are actually used with argon blends of shielding gas. Such 
blends result in higher strength levels due to higher pickup of manganese and silicon in the weld metal. 
Consequently, the strength level will be in excess of the desired strength levels for the desired impact 
properties in the manganese and silicon system. By using the present invention, the strength of the weld 

40 metal deposit is significantly lowered in comparison to that produced in the conventional manganese and 
silicon system. Consequently, if the electrode is designed for carbon dioxide, and argon blends are 
employed as the shielding gas, the strength will not exceed desired parameters. This characteristic is 
evidenced when comparing the weld metal deposits by electrode A as compared to the prior art electrode 
example II. The aluminum content of the core, as controlled in accordance with the present invention, 

45 provides a mechanism to limit the strength levels of the deposited weld metal to allow manganese and 
silicon levels necessary for high impact properties. It is believed that the reduction in the strength level 
when using the present invention results from a weld deposit with less micro-inclusions than that resulting 
from a standard conventional carbon-manganese-silicon system. These inclusions serve to retard slip of the 
internal platelets and increase the strength of the resulting weld metal. 

50 Another advantage of the present invention is the inclusion of aluminum within the core of the electrode, 
which aluminum reacts early in the welding process to break apart and evolve any moisture bearing 
materials. Consequently, the electrode is less sensitive to moisture and lubricant contaminants than other 
electrodes of the type used in gas shielded arc welding. This reduced moisture sensitivity also provides 
lower hydrogen content for a given moisture content in the electrode. Consequently, the present invention 

55 reduces the requirement for electrode baking to drive out moisture. 

The aluminum powder in the novel electrode tends to reduce the iron oxide content in the welding fume 
and, thus, lower the fume level as is described in assignee's prior application, that is incorporated by 
reference herein. 
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In accordance with the present invention, there is provided a cored electrode for gas shielded arc 
welding to deposit a weld metal bead. This novel electrode has a core of fill material surrounded by a 
ferrous tube. The fill material includes alloying agents and oxide fluxing ingredients together with 1.0-5.0% 
aluminum powder, wherein the aluminum powder has a higher affinity for oxygen than the alloying agents or 

5 oxide flux ingredients of the fill material. The amount of aluminum powder is selected to produce less than 
0.10% aluminum in the resulting weld metal. The proper selection of the amount of aluminum powder to 
produce only a low amount of residual aluminum for alloying allows reduction of nitrogen In the weld metal 
and deoxidizes the alloying agents in the arc reaction zone above the weld metal. 

In accordance with another aspect of the present invention, there is provided 40-60% titanium dioxide in 

70 the fill material and the aluminum powder is selected to produce .02-.08% titanium in the weld metal. 

In accordance with another aspect of the present invention, the fill material includes boron oxide in the 
range of 0.3-0.5% by weight of the fill material and the aluminum is selected to produce a weld metal that 
contains at least .002% boron by weight. Preferably, the boron in the weld metal is in the range of .0025- 
.0065% by weight of the weld metal. 

15 Yet another aspect of the present invention is the provision of a cored electrode wherein the fill material 
includes both titanium dioxide and boron oxide with the weld metal producing a ratio of titanium to boron in 
the general range of 9-11:1. This range is preferably approximately 10:1. 

In accordance with yet another aspect of the present invention, there is provided a method of gas 
shielded arc welding with a cored electrode to deposit a weld metal bead. The method comprises the steps 

20 of using an electrode having a core of fill material surrounded by a ferrous tube. The fill material includes, 
by weight of fill material, 40-60% titanium dioxide and 1.0-5.0% aluminum powder. The amount of 
aluminum powder is selected to produce .02-.08% by weight titanium and less than 0.10% by weight 
aluminum in the weld metal. 

In accordance with the broadest aspect of the present invention in the area of a novel method, a 

25 method is provided for gas shielded arc welding with a cored electrode to deposit a weld metal bead. This 
method comprises the steps of using an electrode having a core of fill material surrounded by a ferrous 
tube. The fill material includes, by weight of fill material, 1,0-5.0% aluminum powder and selecting the 
amount of aluminum powder to produce less than 0,10% aluminum in the weld metal. 

The invention further involves a method of arc welding with a shielding gas to deposit a weld metal 

30 bead. This method comprises the steps of providing an electrode having a ferrous tube with a core of fill 
material including metal oxides and 1 .0-5.0% aluminum powder by weight of the fill material; creating an arc 
between the weld metal bead and an electrode for melting the ferrous tube in a reaction zone in the electric 
plasma or arc between the electrode and the metal bead; and, introducing the aluminum powder into the 
arc reaction zone to reduce the metal oxides in the reaction zone with a portion or residual amount of the 

35 aluminum entering the metal bead to form an aluminum alloy of less than 0.10% of the aluminum by weight 
of the metal in the weld bead. 

In accordance with still a further aspect of the present invention, the aluminum in the weld bead when 
practicing the present invention is in the range of 0.01-0.05% by weight of the metal of the weld bead. 

The primary object of the present invention is the provision of a flux cored electrode used in gas 

40 shielded arc welding, which electrode has strength and impact characteristics approaching those of solid 
wire used in arc welding. 

Another object of the present invention is the provision of a flux cored arc welding electrode, which 
electrode uses powdered aluminum in the core in an amount to react within the electric arc or plasma zone 
to create alloying metal, while also depositing a small controlled, residual amount of aluminum within the 
45 weld bead itself. 

A further object of the present invention is the provision of a flux cored shielding gas electrode, as 
defined above, which electrode controls the amount of titanium or boron or both in the weld bead alloying 
system. 

Yet another object of the present invention is the provision of a flux cored electrode, as defined above, 
50 which flux cored electrode can use a sheath made from continuous cast steel and need not require 
substantial baking for removal of moisture. 

Still a further object of the present invention is the provision of a flux cored gas shielded electrode, as 
defined above, which electrode decreases the amount of nitrogen in the weld bead without increasing the 
amount. of aluminum beyond small amounts, which small amounts do not deleteriously affect the grain 
55 characteristics of the weld metal. 

Another object of the present invention is the provision of a novel method of gas shielded arc welding, 
which method results in a weld bead having a low amount of nitrogen and a controlled minor amount of 
residual aluminum with controlled alloying of the weld metal with titanium or boron, or both. 
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Th se and other objects and advantages will become apparent from the following description utilizing 
the drawings herein. 

BRIEF DESCRIPTION OF DRAWINGS 

5 

FIGURE 1 is a schematic, cross-sectional view of an electrode constructed in accordance with the 
preferred embodiment of the present invention and illustrating the reaction zone instrumental in the 
practice of the present invention; and, 

FIGURE 2 is a graph showing the relationship between decreasing the amount of nitrogen In the weld 
10 metal and the impact characteristics of the weld bead metal or joint. 

PREFERRED EMBODIMENT 

Referring to the drawings wherein the showings are for the purpose of illustrating the preferred 

75 embodiment only and not for the purpose of limiting same, FIGURE 1 shows a consumable electrode 10 
having an outer steel sheath 12 formed from low carbon steel preferably having a carbon content of less 
than .07% by weight of the steel in the sheath. Electrode 10 is used with shielding gas 20, preferably 
carbon dioxide for lowest cost; however, blends of shielding gas with components such as oxygen, helium, 
argon, etc. can be employed. Within core 30 of electrode 10, there is provided particulated material in the 

20 form of alloying agents, fluxing agents, and other constituents necessary to form the proper slag over the 
weld bead or molten metal pool 40 when an arc 50 is created between the end of electrode 10 and the weld 
metal pool 40. In accordance with the preferred embodiment of the Invention, core 30 includes aluminum 
powder schematically illustrated as particles 60 dispersed throughout the core and having a weight of 1 ,0- 
5.0% of the fill material constituting core 30. Metallic aluminum from core 30 reacts in arc 50 in a zone 

25 indicated as reaction zone 70. In accordance with the invention, the amount of aluminum is selected to 
reduce the titanium dioxide or boron oxide, or both, to release a certain amount of titanium and boron for 
alloying in the metal of weld bead 40. Sufficient amount of aluminum powder is placed into core 30 so that 
there is a small amount of residual aluminum that alloys with the weld metal in molten pool 40. In practice, 
the amount of aluminum is selected to produce less than 0.10% aluminum in the weld metal of pool 40. 

30 Consequently, aluminum powder in the range of 1 .0-5.0% is used to directly react with the core material in 
zone 70. This chemical and thermal action releases certain alloying agents, such as titanium and boron, as 
well as allowing a minor amount of residual aluminum to be available for alloying, nitrogen removal and 
reaction with dissolved oxygen in the weld metal. 

It has been found that the aluminum in the core material reduces the total and free nitrogen in the weld 

35 metal. As is known, nitrogen in the weld metal affects the impact characteristics of the weld metal. FIGURE 
2 illustrates this concept wherein increased amounts of total nitrogen in the weld deposit decreases the 
Charpy V notch strength of the weld metal bead. Aluminum In the core material reduces the oxygen 
potential in zone 70, reducing nitrogen oxygen formation and, hence, nitrogen pickup in the weld metal. 
Residual aluminum provided in accordance with the present invention from the reaction in arc zone 70 

40 enters the weld metal when it is molten and combines with free nitrogen and aluminum nitride is formed. 
Thus, most of the nitrogen in the weld metal is in the fixed nitride form. Consequently, the aluminum and 
nitrogen have no substantive deleterious effects upon the strength and impact characteristics of the weld 
metal when using the present Invention. 

The present invention employs a controlled amount of aluminum powder in a carbon-manganese-silicon 

45 electrode system. This aluminum reduces titanium dioxide, which is the preferred fluxing constituent of the 
electrode. The amount of aluminum controls the amount of titanium reduced and deposited in the weld 
metal. This amount of titanium is relatively, small to give about 0.02- .08% titanium by weight of the weld 
metal. Also, the aluminum powder reduces boron oxide included in core 30 to provide a controlled amount 
of boron in the weld metal. Only a small amount of boron is required; thus, only a small amount of boron 

50 oxide is placed into the core 30. This amount is in the range of 0.30-0.50% by weight of the fill. There is 
enough aluminum to give the desired titanium and/or boron in the weld metal. In addition, aluminum 
reduces the oxidizing potential of the arc atmosphere in zone 70. As a result, for reasons mentioned before, 
nitrogen can not be absorbed effectively from the atmosphere. Zirconium metal could be employed for 
removing oxygen from the weld metal. However, a substantial amount of zirconium would be required, and 

55 control of titanium and boron in the weld metal would become difficult. In addition, the resulting oxide would 
not enhance the slag characteristics to the extent accomplished by aluminum oxide. 

It has heretofore been believed that aluminum could not be used in a gas shielded welding electrode of 
the flux cored type without decreasing the mechanical properties of the resulting deposited weld metal. 
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When an electrode especially formulated for use with external shielding gas is employed, it has heretofore 
been realized that xcess, residual aluminum in the elemental form in the weld metal produced undesirable 
microstructures. However, by this invention, this problem is resolved in a unique manner. Residual 
aluminum consists of uncombined, free aluminum and combined aluminum in the oxide form. It is the intent 
5 of the present invention to leave a certain amount of residual aluminum in the weld metal by careful control 
of the aluminum amount in the core, in accordance with this invention, the weld metal has less than 0.1% 
aluminum and, preferably, less than about 0.05% aluminum. The part of this residual aluminum that is free 
(not combined with oxygen), combines with the existing free nitrogen forming aluminum nitride. Therefore, 
the amount of elemental aluminum in the weld metal is reduced, thereby eliminating undesirable microstruc- 

10 tures. The amount of free nitrogen in the weld metal is also reduced. Consequently, the deleterious effects 
of both excess elemental aluminum and free nitrogen in the weld metal are avoided. 

When using the present invention, selection of a controlled amount of aluminum powder within the core 
Is novel. Aluminum powder is less than 0.10% by weight of the weld metal and preferably less than 0.05% 
aluminum In the weld metal. The aluminum in the core is in the form of powdered metallic aluminum so that 

75 it reacts directly and immediately with the constituents of core 30 in the reaction zone 70. Ferro-aluminum 
and other aluminum alloys react after entering the molten metal pool 40. These alloys generally do not 
react in zone 70, as anticipated by the present invention. The major use of the present invention is with a 
titanium dioxide flux cored consumable electrode; however, the invention can also be employed in a flux 
cored electrode where the core is basic. The aluminum powder provides uniformity in the resulting weld 

20 metal, since it reduces the oxides, reduces the oxygen and. thus, reduces the nitrogen in the weld bead. 
When using titanium dioxide, the amount of aluminum is selected to produce the desired amount of titanium 
in the weld metal. In essence, at least 1.0% aluminum is added to the electrode core and less than 0.10% 
is deposited in the weld metal. It has been found that the resulting electrode is somewhat insensitive to 
moisture and inadvertent loss of shielding gas. 

25 In reaction zone 70. the aluminum powder removes a majority of the oxygen. Consequently, nitrogen 
oxide can not be formed. Aluminum nitride is formed in the weld metal when using the present invention. 
Consequently, most of the aluminum in the weld metal is generally in the form of aluminum nitride and 
aluminum oxide and not elemental aluminum. 

The aluminum powder is primarily useful in a TiBor type flux cored electrode specially designed for use 

30 with a shielding gas. This is a specialized technology. The combination of titanium and boron in the weld 
metal reduces the amount of proeutectoid ferrite at the austenite grain boundaries. In addition, titanium 
produces fine acicular ferrite in the prior austenite grains. The titanium, boron and aluminum reduce the free 
nitrogen in the system. Thus, titanium, boron and aluminum, which results from the use of the present 
invention, all contribute to an alloying system with improved strength and impact characteristics. The 

35 preferred embodiments of the present invention are illustrated as electrodes A-E shown with flux cored 
electrodes that employ nickel. Nickel improves ductility at colder temperatures; however, it is not essential 
in the practice of the present invention. The nickel content of the electrodes A-E of the preferred 
embodiments of the present invention are electrodes used in welding where nickel is desired; however, 
other alloying agents could be employed in the present invention. 

40 In the past, TiBor electrodes of the flux cored gas shielded type have contained a small amount of 
boron in the resulting weld metal. The boron can be provided in the weld metal by various mechanisms. In 
accordance with an aspect of the invention, boron is included in core 30 as boron oxide. It is reduced by 
the metallic aluminum powder in the core to allow subsequent alloying of boron in the weld bead metal. The 
boron shifts the primary ferrite C curve to the right as is well known. The aluminum forms nitrides and 

45 oxides. Titanium protects boron from oxidation at the grain boundaries. Boron is a nitride former, but 
titanium is more capable than either boron or aluminum of forming a nitrogen compound. But aluminum is a 
stronger deoxidizer, and, herein lies the benefit of using it in this system. Aluminum can reduce NO 
formation In the arc which reduces nitrogen intake in the weld metal. Aluminum can also help the evolution 
of nitrogen from the surface of the weld metal. This feature is facilitated when the iron oxide cannot form on 

60 the surface of the weld bead due to the preferred reaction of oxygen with the aluminum powder. Thus, the 
level of nitrogen in the weld metal decreases with the use of aluminum, in accordance with the present 
invention. The aluminum nitride in the amount present in the metal also has less deleterious effects than 
free nitrogen or occluded nitrogen. 

The present invention results In a major portion of the aluminum powder forming aluminum oxide in 

65 zone 70. This compound is beneficial for controlling the characteristics of the slag. The aluminum powder 
also controls the amount of titanium and boron that enters into the weld metal. The residual amount of 
aluminum available from zone 70 Is used In the weld metal to combine with the nitrogen to remove free 
nitrogen from the weld metal by forming stable aluminum nitride particles. The titanium to boron ratio in the 
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weld metal is preferably about 10:1. The ratio, in practice, can be approximately 9-11:1 ratio of titanium to 
boron. The use of the present invention is advantageous and made possible by the control of the amount of 
aluminum in core 30 and the realization that aluminum forms nitrogen compounds which are beneficial in 
controlling the physical characteristics of the weld bead metal. 
5 Prior art flux cored electrodes for arc welding with shielding gas are given below. 

EXAMPLE I 





Impact at -40- F (ft-lbs) 


Side A 
Root 
Side B 


73, 67, 65, 70 
47, 51, 56, 55 
67. 67, 62, 66 



15 

Weld bead analysis for this example is: 
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EXAMPLE II 





Impact at -40* F(ft-lbs) 


Side A 
Root 
Side B 


73, 71,64, 67 
55, 52, 46, 52 
59, 49, 66, 58 



Weld bead analysis for this example is: 
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EXAMPLE III 





Impact at -40* F (ft-lbs) 


Side A 
Root 
Side B 


71,74. 76. 71 
61,45, 52. 39 
84. 81 , 82. 90 



Weld bead analysis for this example is: 

20 
25 
30 
35 
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45 
50 
55 
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The flux ingredients (in weight percent) of the above electrodes of Examples I and II are as follows: 

65 
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Ingredients 



II 



III 



10 



15 



Na^O 


2 .86 


2 . 85 


MgO 
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3.91 


SiOj 
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25 
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Example III is a commercial product having no aluminum metal in alloy form or in powder form in the 
core of the metal sheath forming the electrode. 

In a preferred embodiment, the weld bead is laid down between two 2" (50 mm) thick A537 steel plates 
with the edges of the plates beveled to provide a 50 * included angle and the plates positioned so that the 
lower sharper edges are spaced 1/4" (6.4 mm). The plates are preheated to 212 (100 'C), and between 
each weld pass the temperature of the previously deposited bead is allowed to decrease to about 325 • F 
(163 *C)- 

In nine passes using electrodes A, B, C, D and E described below, the following impact values were 
obtained: 
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Impact at -40 • F (ft-lbs) (x 1 .3 for cm-Kg) 


Electrode A 


Side A 


71,76, 70.72 




Root 


50. 50. 52, 48 




Side B 


50. 61 , 56, 67 


Electrode B 


Side A 


61,60. 56,54 




Root 


44, 48, 45, 45 




Side B 


56, 55, 54, 72 


Electrode C 


Side A 


52, 53. 59. 62 




Root 


50, 54, 49, 48 




Side B 


31.29, 33, 41 


Electrode D 


Side A 


47. 55. 52, 55 




Root 


47, 45. 46. 43 




Side B 


38. 37. 45, 52 


Electrode E 


Side A 


66, 75. 72, 73 




Root 


41.33,42, 53 




Side B 


32, 50, 68, 63 



An analysis of the weld bead produced by the preferred embodiment, electrode A. is as follows: 
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An analysis of the weld bead produced by the preferred embodiment, electrode B, is as follows: 

55 
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the preferred embodiment, electrode C, is as follows: 
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An analysis of the weld bead produced by the preferred embodiment, electrode D, is as follows: 

55 
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An analysis of the weld bead produced by the preferred embodiment, electrode E, is as follows: 
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These test specimens of the present invention were obtained by using the following electrodes where 
the steel is in the form of a low carbon steel tube (<0.07) and the core of the tube was filled with flux 
65 ingredients as follows (in weight percent): 
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13.74 


12.64 


Ni 


8-91 


8.91 


8.91 


8.91 


8.91 


Ca 


0-0 


0.0 


0.0 


0.0 


0.67 


Si 


0.0 


0.01 


0.01 


0.01 


1.22 


Zr 


0-0 


1.15 


1.15 


1.14 


1.89 


Fe 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 



Typical welding parameters with the above electrodes were: 

a. Electrode 0.045 of an inch in diameter; 

b. DC electrode positive polarity; 

c. 3/4 inch electrical stickout; 

d. Electrode fill 14-17 weight percent of total electrode; and 

e. Wire feed speed approximately 275 inches/mi n. 

Electrodes A-E were constructed in accordance with the present invention and used aluminum powder 
in the core to enhance the physical properties of the weld metal using certain nickel consumable 
electrodes. 

The electrodes used in accordance with the present invention contain various alloying agents such as 
aluminum, chromium, manganese, nickel, cadmium, silicon, zirconium and iron. Other alloying agents may 
also be used in the flux system. The various types of alloying agents are limited to only those that have a 
lower affinity for oxygen or nitrogen than the aluminum power. The aluminum powder is designed to be the 
primary deoxidizer and denitrider in the flux system to obtain the desired alloy metal precipitation into the 
^ weld metal while simultaneously reducing the fume production during welding. Alloying agents, such as 
magnesium or magnesium alloys, which have a greater affinity for oxygen or nitrogen than the aluminum 
power, adversely affect and interfere with the aluminum powder reactions occurring within reaction zone 70. 
The deleterious effects of magnesium, magnesium alloys and/or other alloying agents having a higher 
affinity for oxygen and nitrogen than aluminum cause increased fume production and increased spattering 
during welding and/or lower weld bead quality. 

The invention has been described with reference to a preferred embodiment and alternatives thereof. It 
is believed that many modifications and alterations to the embodiments discussed herein will readily 
suggest themselves to those skilled in the art upon reading and understanding the detailed description of 
the invention. It is intended to include all such modifications and alterations insofar as they come within the 
scope of the present invention. 

Claims 

1. A cored electrode for gas shielded arc welding to deposit a weld metal bead, said electrode having a 
core of fill material surrounded by a ferrous tube, said fill material having alloying agents and oxide 
fluxing ingredients and including, by weight of fill material, 40-60% titanium dioxide and 1.0-5.0% 
aluminum powder, with said aluminum powder having a higher affinity for oxygen than said alloying 
agents and said oxide fluxing ingredients and with the amount of aluminum powd r selected to produce 
.02-.08% titanium and less than 0.10% aluminum in said weld metal. 
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2. A cored electrode as defined in claim 1 wher in said fill material contains boron oxide In the range of 
0.3-0.5% by weight of said fill material with said weld metal containing at least .002% boron by weight. 

3. A cored electrode is defined in claim 2 wherein the ratio of said titanium to said boron in said weld 
5 metal is in the range of 9-1 1 :1 . 

4. A cored electrode as defined in claim 3 wherein said ratio of titanium to boron Is approximately 1 0:1 . 

5. A cored electrode as defined In one of the claims 1 to 3 wherein said titanium dioxide is in the range of 
10 50-60% by weight of said fill material. 

6. A cored electrode as defined in one of the claims 1 to 3 wherein said fill material includes silicon 
dioxide in the range of 2.0-4.5% by weight of said fill material. 

75 7. A cored electrode as defined in one of the claims 1 to 6, preferably in claim 1 , 2 or 6, including at least 
about 10% manganese alloying agent by weight of said fill material. 

8. A cored electrode as defined in one of the claims 1 to 7, preferably in claim 7. wherein said manganese 
alloying agent is in the range of 10-15% by weight of fill material. 

20 

9. A cored electrode as defined in one of the claims 1 to 8, preferably in claim 1 , 2 or 7, Including nickel 
as an alloying agent. 

10. A cored electrode as defined in one of the claims 1 to 9, preferably in claim 9. wherein said nickel is in 
25 the range of 8-10% by weight of said fill material. 

11. A cored electrode for gas shielded arc welding to deposit a weld metal bead, said electrode having a 
core of fill material surrounded by a ferrous tube, said fill material having alloying agents and oxide 
fluxing ingredients and including, by weight of fill material, .3- .5% boron oxide and 1 .0-5.0% aluminum 

30 powder, with said aluminum powder having a higher affinity for oxygen than said alloying agents and 
said oxide fluxing ingredients and with the amount of aluminum powder selected to produce at least 
.002% boron and less than 0.10% aluminum in said weld metal. 

12. A cored electrode as defined in claim 11 wherein said fluxing oxides include titanium dioxide. 

35 

13. A cored electrode as defined in claim 12. wherein said titanium dioxide is in the range of 40-60% by 
weight of said fill material. 

14. A method of gas shielded arc welding with a cored electrode to deposit a weld metal bead, said 
40 method comprising the steps of using an electrode having a core of fill material surrounded by a 

ferrous tube, said fill materia! including, by weight of fill material, 40-60% titanium dioxide and 1.0-5.0% 
aluminum powder, the amount of aluminum powder to produce .02- .08% titanium and less than 0.10% 
aluminum in said weld metal. 

45 15. A method of gas shielded arc welding with a cored electrode to deposit a weld metal bead, said 
method comprising the steps of using an electrode having a core of fill material surrounded by a 
ferrous tube, said fill material including, by weight of fill material, .3-. 5% boron oxide and 1.0-5.0% 
aluminum powder, and selecting the amount of aluminum powder to produce at least .002% boron and 
less than 0.10% aluminum in said weld metal. 

50 

16. A method of gas shielded arc welding with a cored electrode to deposit a weld metal bead, said 
method comprising the steps of using an electrode having a core of fill material surrounded by a 
ferrous tube, said fill material including, by weight of fill material, 1.0-5.0% aluminum powder, and 
selecting the amount of aluminum powder to produce less than 0.10% aluminum in said weld metal. 

55 

17. A cored electrode for gas shielded arc welding to deposit a weld metal bead, said electrode having a 
core of fill material surrounded by a ferrous tube, said fill material having alloying agents and oxide 
fluxing ingredients and including, by weight of fill material, 1.0-5.0% aluminum powder, with said 
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aluminum powder having a higher affinity for oxygen than said alloying agents and said oxide fluxing 
ingredients and with the amount of aluminum powder s lected to produce less than 0.10% aluminum In 
said weld metal. 

5 18. A cx)red electrode for gas shielded arc welding to deposit a weld metal bead, said electrode having a 
core of fill material surrounded by a ferrous tube, said fill material having alloying agents and fluxing 
ingredients and including, by weight of said electrode, 0.1-0.5% aluminum powder, and with the amount 
of aluminum powder selected to produce less than 0.10% aluminum in said weld metal. 

10 19. A method of arc welding with a shielding gas to deposit a weld metal bead, said method comprising the 
steps of providing an electrode having a ferrous tube with a core of fill material including metal oxides 
and 1.0-5.0% aluminum powder by weight of said fill material; creating an arc between said weld metal 
bead and said electrode for melting said ferrous tube in a reaction zone between said electrode and 
said metal bead; and, Introducing said aluminum powder into said reaction zone to reduce said metal 

IS oxides in said reaction zone with a portion of said aluminum entering said metal bead to form an 
aluminum alloy of less than 0.10% aluminum weight of said metal in said bead. 

20. A nrtethod as defined in claim 19 wherein said aluminum alloyed in said metal bead is less than 0.03% 
by weight of said metal of said bead. 

20 

21. A method as defined in claim 19 wherein said aluminum alloyed in said metal bead is in the range of 
0.01-0.05% by weight of said metal of said bead. 

22. A cored electrode for gas shielded arc welding to deposit a weld metal bead, said electrode having a 
25 core of fill material surrounded by a ferrous tube, said fill material having alloying agents and oxide 

fluxing ingredients and including, by weight of fill material, 0.3-0.5% boron oxide and 1.0-5.0% 
aluminum powder, with the amount of aluminum powder selected to produce boron in an amount less 
than .002% and less than 0.10% aluminum in said weld metal. 

30 23- A cored electrode as defined in claim 22 including titanium dioxide as a fluxing ingredient. 

24. A cored electrode as defined in claim 23 including 40-65% titanium dioxide. 



35 
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66 
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